In this paper, I will restrict my attention to the species level of biodiversity (although I do not thus mean to imply that no other level is worthy or interesting). Furthermore, I will use an old-fashioned definition for species, i.e., a collection of organisms that can exchange genes. I know that this definition does not deal adequately with bacteria or interspecies hybrids or jumping genes. But it will lead us to principles that will illuminate the status of an important portion of diversity. And, perhaps, successfully using it may guide us into the world of the multimyriads of species whose diversities we all too often ignore.
Further restricting myself, I will focus on diversity at the grand scale, that of the entire biogeographical province. A biological province is a selfcontained region whose species originate entirely by speciation within the region (1) . Scales smaller than a province get their species through some form of dispersal, echoing provincial diversity (2) . Most probably, every real province has obtained a small proportion of its species by immigration, so the definition constitutes a mathematical ideal. But percentages in excess of 90% are often found, and that should be enough to allow speciation dynamics to dominate the rate processes of a region.
Speciation results from a number of processes, in all of which, species are nurseries for other species. Ultimately, that is why the future of speciation is bound up inextricably with the future of species diversity itself. But the connection is even more interesting than that. Both rates -speciation and extinction -depend in part on the geographical range sizes of species. Larger ranges tend to increase the speciation rates and decrease the extinction rates of otherwise similar species. That gives us a parameter to examine -the area of the biogeographical province available to life. Other things being equal, the larger that area, the larger the average species range and the larger the average speciation rate and the smaller the extinction rate.
What leads evolutionary ecology to its conclusions about range size and the components of diversity dynamics? • Larger ranges offer larger targets for geographical isolating barriers. The formation of geographical isolates begins the sequence of events leading to allopatric speciation, probably the source of most new species. Thus, a range that is more readily subdivided by geographical barriers will spawn more isolated populations per unit time and have a higher rate of speciation.
• Widespread species also have more genetic variability than narrowly distributed ones (3) pp37,160). This may also contribute to the rate of speciation.
• Larger ranges contain species with more sub-populations of their metapopulation (4) . Ecologists believe that a complex metapopulation offers some protection from extinction. Although this question continues to be addressed(5), the basic idea seems straightforward and intuitive. When a metapopulation unit becomes extinct, re-colonization may occur from surviving units (6) . Each unit may survive or become extinct independently of the others. So, the more units, the smaller the probability that Rosenzweig -7 all will vanish simultaneously. (Notice that I am not concerned here with the usual question: How does increasing fragmentation of a species range effect extinction probability? Instead, I assume a constant degree of fragmentation and focus on how more fragments alter extinction rate.)
• Larger ranges are more difficult to contain entirely in the area covered by any climatic change or anomaly. Any finite climatic change (such as global warming) or anomaly (such as a severe storm) will cover a finite amount of the earth's surface. If the change covers a species' entire range, and degrades all its appropriate habitat, the species will vanish. And if the anomaly destroys all the individuals that live within its swath, the species will also vanish. Thus, the larger the area covered by a species' range, the less chance that range will suffer permanent or temporary obliteration. Again, a larger area diminishes extinction rates.
• Larger ranges produce species with greater total population sizes.
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And, larger populations may have both lower extinction(7) and higher speciation rates. Many conservation biologists take its effect on extinction largely for granted. They see it as the outcome of the improbability of the simultaneous, stochastic demise of an entire large population. Indeed, much work modifies that theory substantially without however challenging the relationship (8) (9) (10) (11) (12) .
In addition, evidence from islands supports it (13) . Yet, a recent investigation suggests that the literature needs substantial revision to achieve a reliable estimate of how long such extinctions take (14) . It concludes such extinctions take at least three times longer than we once thought.
No one denies that population size influences speciation rate.
However, the direction of its effect is in doubt. At one time, many evolutionists, led by Ernst Mayr (15) , believed that small isolated populations provide the crucible for evolution. They believed that getting speciation started is a matter of breaking up co-adapted According to the centrifugal model of speciation, even the small population sizes of small areas work against evolution. Some theoretical evidence from population genetics supports the idea that small populations cannot evolve very fast (17) . So does some (but not all) evidence from real populations (18, 19) . And, today we know that large populations foster novel gene functions (17) .
Certainly, genetic variability correlates positively with the total population size of species ((3), p160).
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We should not allow our unfinished scientific debates to distract us from noticing what we have already learned. Both centrifugal speciation and
Mayrian speciation are allopatric modes and emphasize the importance of isolate formation. Isolate formation should proceed faster in larger areas.
Finally, no biogeographical patterns suggest that 'small' is more productive. Instead, small is a recipe for choking off the speciation process.
The fossil record supports the conclusion that extinction rate and geographical range are inversely related over long periods (20) (21) (22) (23) . It does not however test the independent significances of the various separate theoretical influences that I mentioned above. The relative importance of these factors remains unknown. Moreover, no one has yet tested the relationship of speciation rate to range size in the fossil record. Although more restricted in time scale, studies of modern areas do support both the correlation of speciation rate with area (24) , and the inverse correlation of extinction rate with area(1).
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Interprovincial Patterns in Steady States of Species Diversity
The influence of diversity on average species' range size produces a negative feedback system in which species diversity is self-regulating(1).
The difference between the speciation and extinction rates of a province ought to approach zero. The net result is a steady-state value of diversity at which new species evolve as fast as established ones become extinct(1).
The steady state of such systems might be only theoretical. The environmental background within which it must be achieved might be too fickle and variable for life ever to attain it. Or its rates could be so slow that it has never been consummated. But paleontological evidence strongly suggests that diversities of regions are often not very far from such steady states (1, 25, 26) . Certainly, periods following a mass extinction are exceptions, and so are periods following a major change in steady state. During such periods, diversity tends to rise more or less monotonically. Nevertheless, during Phanerozoic Eon, the Earth has Rosenzweig -12 experienced only five mass extinctions and a similar number of major changes in steady state (e.g., invasion of the land, invasion of the muddy sea floor, radiation of angiosperms). Each such event appears to have generated no more than 10 my of response in species diversity. Most of the rest of the Phanerozoic Eon is a record of long plateaus interspersed by quick episodes of extinction and recovery (27, 28) . Thus, I estimate that species diversity has spent at least 90% of the past 500 my near some steady state. (It would not surprise me to learn that the true proportion is closer to 95% or even 98%.)
The Three Scales of Species-area Relationships
The theory of provincial diversity predicts that larger provinces will have higher steady state diversities. And they do. But in the power equation that describes species-area curves, their z-values hover near unity (29) .
Thus, species-area curves among provinces exhibit a lack of curvature in an arithmetic co-ordinate space.
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Other scales of the species-area relationship exist (30) . Among islands of an archipelago, species diversity is governed by the dynamics of immigrations to islands, often a slow process, but rarely as slow as speciation. Thus, they have more species than would an equivalent-sized The linear response of diversity to area among provinces appears to explain the total absence of certain groups of native species on small continents, such as ponerine and cerapachyine ants on Hawaii. Two studies give us a picture of the diversity of these subfamilies in tropical southeast Asia, Oceania and New
Zealand (32, 33) . These fall nearly on a straight line in arithmetic space (logS = -4 + 0.94 logA) and enable us to estimate the area of a province that would have a single species (Fig 3) . It is 18,354 km 2 . Hawaii, having only 10,378 km 2 , falls short.
A similar problem faces bracken-eating insects (34) . None live in Hawaii although the fern does grow there, occupying a range of roughly 1500 km 2 .
Based on the species-area curve of such insects in five other provinces, I estimate that one bracken-eating insect species cannot be sustained on less than 10,361 Finally, echo patterns of species diversity provide additional confidence that we understand the scale differences among species-area relationships. Echo patterns relate local diversity to regional diversity. (In ideal case, regional diversity is equivalent to the diversity of a biogeographical province, although the ideal is rarely met in published examples of the phenomenon.) Based on the scale differences of Fig. 1 
, theory predicts near-linear Echo patterns(2). Most often,
that is what we see (35) .
Diversity in Shrunken Natural Provinces
Ecologists Biotic reserves constitute a collection of relictual habitats scattered all over the world. They vary greatly in size, but all exist to preserve a remnant of a once vast network of Edens. As an ensemble, they are hyperdispersed in biotic space.
That is to say, they form a deliberately varied collection. We spend our limited resources to save the dwindling last bits of long-leaf pine forest or tall-grass prairie or Arizona riparian bottomland. We delay reserving that which is presently common. Later, I will explain that this approach has indeed given us precious time, although it cannot forever avert the evil decree.
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What is the apparent significance of hot spots of diversity? They tantalize us with the promise that we can minimize the amount of reservation needed to prevent a mass extinction. For example, about 44% of all vascular plant species and 35% of all species of mammals, birds, reptiles and amphibians live confined to only about 1.4% of its land in 25 hotspots (36) . Clearly, this 1.4% is critical.
If it goes, so do all those species. But, it is very tempting to reverse that argument: Let us save the 1.4%. Perhaps, then, we will save all those species now living in it. That is the combination of reservation and hotspots that offers hope to some conservation biologists.
Unfortunately, the interprovincial pattern of diversity questions that hope. It underscores the fact that diversity is the outcome of dynamical processes, whereas hot-spots constitute a static view of diversity. The differences among the scales of species area relationships and their z-values, provide a dynamic basis for predicting what will happen to species diversity and to speciation in the future.
Following a reduction in province size, the three species-area relationships predict a mass extinction in three phases (Fig. 4) . First, we lose the endemics - those species whose habitat gets entirely expropriated (39) . These extinctions will be deterministic and virtually instantaneous. Second, we lose the sink species -those which get restricted to marginal habitats, i.e., habitats in which their death rates exceed their birth rates. These extinctions will also be deterministic(40, 41) but they will take a while because some individuals of sink species not only survive, they may also reproduce. Third, we lose, not particular species, but the diversity in excess of the new steady state. These extinctions will be stochastic, and predicting their rate -even their average rate to an order of magnitude -may not be possible as I will soon point out. Nevertheless, it is possible to say that the diversity lost because of these extinctions will be deterministically and irreplaceably lost -after all, the predicted loss constitutes however many species it takes to restore a steady-state diversity to the earth.
Stages I & II: the Deterministic Extinctions
The coefficients of species-area equations at smaller scales permit us to estimate the proportions of species that are endemics or sink species. The prediction that we lose the sum of these, is the well known and often cited equation of island biogeography:
where S and A are proportions of diversity and natural area that remain. I plot this relationship in Fig. 5 .
Some impatient types have complained that these predicted extinctions have not happened. In some cases, no doubt, their analyses have been flawed (42) . But another factor has been at work. Conservation's two strategies have stayed the imposition of the island equation, and may even have reduced its severity.
Focusing on preserving the habitats most likely to vanish entirely, we considerably reduced the likelihood that any species would lose everything, including its sink habitats. That transferred some extinction of endemics to the category of extinction of sink species. And, although the island equation assumes so, we have not lost natural area randomly. Instead, we diversified our biotic reserves, making them a stratified sample of our habitats and the species they harbor. Although we still have no analytical theory to predict the power coefficient of the island equation, a stratified sample has to have preserved more habitats and their species than a random sample would have. That is the good news.
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Other news is more upsetting. Extinction, like speciation, is a dynamical process.
Extinction, like speciation, takes time(43)p40. Relaxation to island equilibrium is likely to take a number of human generations (see (36) and references 34-43 therein).
We know that the past 10,000 years have not sufficed to allow mammals on newly formed islands to attain new steady states (e.g, Fig. 6 ). Lizard species diversity in the wheatbelt reserves of Western Australia has declined to a z-value of 0.26, but has yet to reach the value of 0.36 which is found among the state's true islands (Fig. 7) . And on new islands in the Sea of Cortez, lizard species diversity continued to decline at least for 12,000 years(44). We must not be too impatient.
Stage III: the Stochastic Extinctions
A true island reaches its steady state as a result of the balance between immigration and extinction. But our shrunken natural world will see no immigrations. Species that become extinct cannot immigrate from the past to recolonize the world of the future. So, even after our new world reaches its levels of island-like diversity, its diversity will continue to diminish.
Relaxation below the island-like steady state will come from inflated extinction rates. But the species of our shrunken island world will all begin with at least one source population. They will all have enough habitat to keep them going in perpetuity -provided only that nothing ever changes in those habitats. But something always changes. So species will vanish simply because they lose one roll of the dice. Global warming may push their remaining habitats out of all reserves and into cornfields or the sea. New parasites and diseases will appear to take their toll. A series of bad weather events may be too much for some dwindled populations.
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The Depauperate Steady State
Accidents that eradicate successful species have always accompanied life.
However, in ordinary times, life has replaced such losses by speciation. Not this time. This time the loss of area will have also depressed the speciation rate curve. Constricted geographic ranges will have fewer isolates. Many species will be restricted to a single reserve with no chance of further allopatric speciation. The loss of ecological theater will change the evolutionary play. New speciations will not be able to keep up with the losses.
Yes, eventually, a balance will be restored. But before that happens, the total extinction rate must decline to the level of the total speciation rate (Fig. 8) .
Thus, at the steady-state of the future, when life is replacing its losses by speciation, it will not build back the diversity it now enjoys. The new balance will occur with life decimated of its richness.
Like any evolutionarily independent province, our future world must seek its steady state along the interprovincial species-area curve. The z-value of this curve is approximately unity, so our losses of species should be approximately linear (Fig. 5) . Lose 10% of the natural world's surface and we save about 90% of its species. Lose 95% and save only 5% of the species. Diversity in provinces appears to have been following such a law for hundreds of millions of years. We have no evidence to indicate that law has been repealed.
This prediction is much more severe a decree than the usual proclamation of doom. The usual bad news predicts the loss of about half the world's species.
But such rosy predictions rest on the z-value of island species-area curves, which is only about 0.3.
How long does it take to restore a steady state in species diversity? Perhaps a very long time although, in truth, we do not know. One thing we can say. The process of re-achieving a steady state after this biotic crisis will not resemble any previous recovery from a mass extinction.
• First, as we have seen, life will not recover anything like its previous levels of diversity.
• Second, some taxa will vanish forever. The new world's area will fall below the threshold they require for any speciation (24) , and so it will be unable to sustain even one of these species, just as Hawaii cannot sustain even one species of native insect that specializes on eating bracken, or even one ant of certain subfamilies (see above).
• Third, previous mass extinctions were a violent interruption and So, how long could it take to achieve a world so poor in species that its speciation rates once again counterbalance its accidental extinctions? Perhaps a million years, perhaps a hundred.
Reconciliation Ecology
Not all species are losing ground to us. Some live with us and prosper. In German, they are known as kulturfolger -culture followers. One might dream that these kulturfolger would speciate rapidly and take up the slack. But the population isolates of kulturfolger cannot make much evolutionary headway. To do so would be to adapt to local circumstances, and that adaptation requires time.
It thus requires that the isolates face some stability in the environmental challenges we cast at them. But Technological Man does not allow stable intervals; we constantly change our habitats and exert new pressures on the kulturfolger. They may not disappear, but they are also unlikely to radiate into a wide variety of new species.
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Can we find a way to change all this? In the felicitous metaphor of Norman Myers, can we find a way to save Darwin's Genie and the treasures it has given us? We can. But not if we accept today's dominant strategy of conservation biology. For historical reasons, conservation biology has become mired in an attitude of confrontation: The green forces of nature versus the green forces of money. Conservation divides the world into pristine habitats and ruined habitats.
It tries to save and restore the former while preventing further loss.
Let us ignore the fact that all of us must live in one world, accepting both its economic environment and its ecology. Let us also ignore the fact that if we view nature as an embattled victim, we are ultimately consigning her to defeat at the hands of the superior forces of human population pressure, human guile and human greed. Let us instead concentrate on the science.
Science insists that area is an intrinsic property of natural ecosystems. To maintain their diversity, they must have their area. Thus, conservation biology has to address itself to the habitats in which human beings live, work, and play.
Conservation biology has to learn how to share anthropogenic habitats with wild species. It needs to discover how to modify and diversify those habitats so that they harbor a wide variety of species. I call this sort of conservation biology, reconciliation ecology.
Reconciliation ecology seeks techniques of management that turns more species into kulturfolger, giving them back their geographical ranges without taking away ours. It takes advantage of the fact that the earth remains as large as ever, but that we have devised new habitats in which most species cannot function at all. If we meet wild species half way, many will adapt to our world. They will spread in it and reestablish their potential for speciation and their resistance to extinction.
A growing number of examples demonstrates that reconciliation ecology can work. Countryside biogeography is showing that some styles of land use are already compatible with the needs of many species (49) (50) (51) . Projects devoted to particular species are bringing them back in anthropogenic, economically productive habitats (52) (53) (54) . Other projects focus on developing and managing habitats (55) (56) (57) (58) . The examples I cite are but a small sample of those I have collected over the past three years.
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One project created a single patch of salt marsh at a critical point in the migratory flyway of perhaps a third of all the bird individuals in Europe and western Asia. In doing so, it saved at least a fraction of the 257 species that use that flyway (59) . Until thirty years ago, a nearby 12 km 2 natural salt marsh had done this job. But the natural salt marsh was totally destroyed by resort development. Today's patch of salt marsh little resembles its predecessor or any natural habitat. It is carefully built up, contoured and planted on a refuse dump.
And it is regularly irrigated with treated, nutrient-rich sewage water.
Another project set out to save long leaf pine forest and its endangered species such as the red-cockaded woodpecker (60) . Through novel, carefully studied and continuous management in a large, important Air Force base, it has multipliedby two orders of magnitude -the area covered by sustainable long leaf pine forest. Meanwhile residential, recreational, timbering and all military uses continue. This is not restoration. Never before has there been a long leaf pine forest like this one.
As the millennium changes, the media engorge on visions of the future. I have yet to hear one that does not involve technology. My own vision of the year 2100 is fundamentally different. We will have the technology but we will be using it in magnificent surroundings that help to bring us peace and fulfillment, and to discharge our responsibilities to nature. I see my great-grandchildren opening their doors on a world of wonders.
Perhaps this vision is mere fantasy? Perhaps it is my way to cope with the unthinkable, because, indeed, the alternative is too disheartening to contemplate.
Evidence indicates that we cannot preserve the large-scale at the tiny scale(61).
Area constitutes a basic inherent property of every biome, a property crucial to the dynamical functioning of its components. So it is an oxymoron to imagine a pristine biome that retains only 2% or 5% or even 10% of its original size.
In particular, area helps set the provincial diversity of a mature province. In turn, provincial diversity determines local diversity -local diversity can only echo provincial diversity. Thus, if the area available to native species remains very low or declines even farther, the loss of speciation rate will prevent even our
